"Leaning against the wind" -a tighter monetary policy than necessary for stabilizing in‡ation around the in ‡ation target and unemployment around a long-run sustainable ratehas been justi…ed as a way of reducing household indebtedness. In a recent paper Lars Svensson claims that this policy is counterproductive, since a higher policy rate actually leads to an increase (and not a decrease) in real debt and the debt-to-GDP ratio. In this note we o¤er some comments and extensions to Svensson's analysis. In particular, we take Svensson's debt model to the data and show that it provides an incomplete account of short term debt dynamics. Further, the overall analysis of the e¤ects of monetary policy on debt rests on the rather strong assumption that debt is independent of the policy rate, conditional on housing prices. The policy responses advocated by Svensson can therefore be questioned. More importantly, our exercises with a modi…ed model of debt dynamics enables further understanding of how di¤erent assumptions a¤ect the assessment of the e¤ects of monetary policy on debt.
Introduction
In a recent paper, Lars Svensson [9] presents a simple and intuitive model of (mortgage) debt dynamics. The main feature of the model is that a relatively small share of the total mortgage stock is turned over each year. New mortgages are assumed to arise from purchases of new housing, but new loans may also be due to re…nancing by housing owners who are not moving to a new house. Given plausible assumptions on the e¤ects of a monetary policy shock on in ‡ation and GDP, Svensson shows that the e¤ects of exogenous interest rate changes feed through the stock of debt so slowly that real debt (i.e. nominal debt de ‡ated by a price index), and the debt-to-GDP ratio, actually increase (and not decrease) following a policy shock which increases the interest rate.
Hence, "Leaning against the wind" -a tighter monetary policy than necessary for stabilizing in ‡ation around the in ‡ation target and unemployment around a long-run sustainable rate -can not be justi…ed as a way of reducing household indebtedness.
In this note, we focus on the relation between the shorter-term dynamics of debt and the e¤ects of monetary policy on debt. We …rst establish that a slightly modi…ed version of Svensson's model can, in fact, reproduce some features of actual debt series quite accurately. However, in order to better match the evolution of actual debt (here Swedish debt in the past 15 30 years) with the model, a shorter re…nancing period of mortgages is required, in comparison with what Svensson assumes. This suggests that the model fails to capture some important factors accounting for shortterm ‡uctuations in debt, e.g. time variation in loan-to-value (LTV) ratios, or that the dynamics of housing equity withdrawals are not accurately described. This shortcoming of the model is mainly manifested through a too persistent growth rate of debt in the model. We conclude that Svensson's model provides an incomplete account of short term debt dynamics.
Svensson's calculation of the e¤ects of monetary policy on debt further (implicitly) assumes that the e¤ects of monetary policy on debt works only through its e¤ect on housing prices. In statistical language, Svensson assumes that debt is independent of the repo rate (as well as other macroeconomic variables) conditional on housing prices. The inability of the debt model to account for the short-run ‡uctuations in debt is related to this, rather strong, prior belief. As a consequence we argue that Svensson's suggested responses of real debt and the debt-to-GDP ratio to an exogenous change in the repo rate can be questioned.
In order to provide further understanding of how di¤erent assumptions a¤ect the assessment of the e¤ects of monetary policy on debt we then return to the standard framework for studying such issues. The e¤ects of monetary policy shocks on real and nominal debt are estimated using a Bayesian structural (i.e. identi…ed) vector autoregressive (BVAR) model. A positive monetary policy shock, which increases the repo rate, leads to a (temporary) decrease in GDP, a decrease in in ‡ation and a decrease in real housing prices. Further, both real household debt and the debtto-GDP ratio fall in response to the positive policy shock. The signs of these two responses are therefore opposite to the signs implied by Svensson's analysis. In order to understand the di¤erences we proceed by replacing the actual debt data series in the BVAR with a counterfactual debt series, which is generated using Svensson's debt model and Svensson's calibration of the model. Replacing actual data on debt with the counterfactual debt series we are able to recover Svensson's signs of the real debt and debt-to-GDP responses. However, the properties of the debt series needed to generate these e¤ects do not match the properties of Swedish debt data.
Our results suggest that it is important to further understand the short run dynamics of mortgage debt, in order to enable a better understanding of the e¤ects of monetary policy on real and nominal debt. In particular it appears important to understand how, and to what extent, monetary policy a¤ects the ‡ow of (mortgage) loans which are not directly related to housing transactions, and the impact of policy on the LTV-ratios chosen by households. The implications concerning the more general issue -the appropriateness of the "Leaning against the wind" policy -remains an open question. This paper is outlined as follows; in section 2 we present Svensson's model with three trivial extensions, in section 3, we simulate the path of debt, given a sequence of house prices, to evaluate whether Svensson's model match actual (Swedish) data on household debt, in section 4 we attempt to better understand the qualitative (i.e. sign) response of real debt and the debt-to-GDP ratio to a monetary policy shock. In order to do this we take Svensson's model to the standard framework for the identi…cation of the e¤ects of monetary policy shocks. Finally, section 5 concludes.
Svensson' s model
Svensson presents a simple and straightforward model of (mortgage) debt dynamics (Svensson [9] ).
We make three trivial extensions to Svensson's model, with the sole purpose of taking the model to the data. First, house price growth, which is exogenous, is allowed to be time-varying (rather than constant). This allows us to compute model-based time series for debt, the LTV for new mortgages and the average LTV ratio, given an arbitrary sequence of house prices, e.g. a time series of actual house prices. Second, the LTV for new mortgages is allowed to be time-varying (rather than constant). This allows us to compute a model-based time series for this variable, given arbitrary sequences of house prices and debt. Third, we de…ne the time period to be one quarter instead of one year as in Svensson, since data on house prices and debt are available at a quarterly frequency.
Let P t denote the nominal price of housing in (the beginning of) period (i.e. quarter) t. Further, let H t denote the housing stock in period t, such that The debt stock in period t consists of the mortgages issued over the past T periods, with amortisations subtracted,
With a constant housing stock normalised to unity, H t = 1 (such that 2.1 reduces to V t = P t ), a constant LTV ratio for new mortgages, s = , and no amortisation, = 0, this expression simpli…es to
The average LTV-ratio, that is the LTV ratio of all outstanding mortgage loans, is given by
The turnover rate of (nominal) debt may be de…ned as
It is instructive to brie ‡y consider two sets of simplifying assumptions and their implications for the turnover rate of debt. First, assuming constant house prices, g = 0, a constant LTV for new mortgages, t = and no amortisations, = 0, the debt stock is constant, D = P , and the turnover rate of debt equals the fraction of mortgages which are re…nanced, 1=T . Second, assuming constant house price growth, g t = g > 0, 1 along with t = and = 0, the turnover rate of debt
The turnover of the stock of debt is thus determined by the mortgage holding period, T , and house price growth, g t . This is a key assumption in Svensson [9] and an assumption we will get back to in the following sections. Furthermore, in the case of constant house price growth, the average LTV-ratio, A t = A, the LTV-ratio on new mortgages, t = , and the turnover rate of debt,
Derivations of expressions [2.11] and [2.12] are provided in the appendix.
The model outlined above is a model of debt, conditional on (exogenously given) house prices, which may be expressed through the density 13) where the vector of parameters, , is given by = ( ; T ). 2 For given sequences of housing prices
(where T denotes the end of the sequence or time series and should not be confused with the holding period of housing, T ), the housing stock fH t g T t=0 , the LTV ratio for new mortgages, f t g T t=0 , and the constant rate of amortisation, , it is straightforward to compute the sequence of debt fD t g T t=0 , the sequence of average LTV-ratios fA t g . On the other hand, given sequences of housing prices and debt, it is possible to solve for the sequence of LTV ratios for new mortgages, f t g T t=0 . From an implementation perspective, allowing t and g t to be time-varying, rather than constant, means that some results for geometric series which are applied by Svensson can no longer be used.
Housing prices and Debt dynamics 3.1. Lars Svensson' s setup and calibration: constant house price growth
We begin by reproducing the steady-state baseline used in Svensson [9] . Assume a constant LTVratio on new mortgages, t = = 70%, and a mortgage re…nancing period of 7 years, which corresponds to T = 4 7 = 28 quarters. The interpretation of the model clearly depends on how it is calibrated. In an earlier version of Svensson's paper the mortgage re…nancing period was calibrated to T = T h = 60 quarters, in order to match the average housing holding period in Sweden (which is between 15 and 18 years). Our interpretation of the previous calibration, where 
i.e. roughly half of the mortgage loans are directly related to housing transactions. Finally, assume that housing prices grow by 4%, which corresponds to a quarterly growth rate of g t = g = 0:985%.
In Figure 1 the nominal housing prices, debt and the average LTV ratio are displayed. The turnover rate of debt equals 16% in annual terms, i.e. in each quarter the ‡ow of new mortgage debt constitutes a fraction 4% of the (end of period) debt stock.
Simulating the evolution of debt using the model and actual Swedish house prices
Svensson shows how total debt and the average LTV ratio responds to a change in housing prices.
In particular, housing prices are assumed to increase by 1% (relative to the baseline) in year 1 and then return back to the baseline in year 2. As a consequence total debt increases by 0:16% in year 1, before it falls back slowly to the baseline path. The calculation of the e¤ect on nominal debt in the …rst year (the percentage change at a yearly frequency) is given by
Note that the e¤ect on debt equals the turnover rate of debt, as de…ned above.
A natural extension of this experiment is to simulate the path of debt given a sequence of house prices, and to evaluate if Svensson's calibration match actual data on household debt. Essentially this means that the calculation in (3.1) is repeatedly applied for a time series of house prices.
Here quarterly data on Swedish house prices for the period 1995Q1-2013Q2 are used (replacing the constant growth rate assumption), while all other assumptions are kept as above. For this time period the average yearly growth in housing prices is roughly 6%. In Figure 2 housing prices, debt and the LTV-ratio are displayed along with the model-implied debt and LTV series. 4 The modelsimulated debt series lies below the actual debt series, e.g. in 2013 it is roughly 12% below the actual level. The higher average growth rate in the observed house prices, compared with Svensson's assumed growth rate of 4%, also results in a simulated LTV ratio which is too low. However, even though Svensson did not calibrate the model to …t the historical debt data the overall trend in the data is captured reasonably well. The model implied debt growth, on the other hand, is much more persistent and less volatile than in the actual data.
In the lower-right panel of Figure 2 the model-implied turnover rate of debt is compared with a data-based measure of this quantity. It is seen that the model-implied turnover rate matches the data at the end of the sample period, which motivates the calibration T = 28. 5 Our measure of the turnover rate of debt has been computed based on data on the volume of new mortgage loans and the stock of mortgage loans for the period 2009Q1-2012Q3. The data on the SEK volume of new loans is obtained from Finansinspektionen, [4] and [5] , and the stock of mortgage loans is obtained from the SCB Financial Market Statistics, [13] . Further details on the calculations are provided in the data appendix.
In order to obtain a better data …t for debt we proceed in two steps. First, the LTV on new mortgage loans, t = , and the initial value of the average LTV ratio, A 0 (where t = 0 corresponds to 1994Q4), are calibrated to capture some features of the corresponding data series reasonably accurately. The LTV for new mortgage loans has increased from 59% in 2002 to 69% in 2013 (Finansinspektionen, [4] and [5] ). Based on these numbers we let t = = 65%. The average LTV on mortgage debt was 63%, 60% and 65% in 2009, 2011 and 2012 (Finansinspektionen, [4] and [5] ) 6 . To broadly match these features of the data we select A 0 = A 1994Q4 = 58%. Second, given the calibration of and A 0 , the re…nancing period, T , is selected to minimise the distance between the model-implied debt series and the actual debt series. Let fD t g T t=0 denote the actual debt time series, and let fD m t g T t=0 be the model-implied time series. Hence the following problem is solved: 2) and the solution is the value of T which yields the best correspondence between model-implied debt 4 The actual debt series used here is the total household …nancial debt. See the appendix for further discussion of available measures of debt. 5 The old calibration T = T h = 60 quarters instead implies that the turnover rate of debt is too low. 6 Note that the average LTV for mortgage loans which are included in Swedish bank's cover pools is lower than the numbers presented here. For the major Swedish banks the average LTV on mortgage loans included in cover pools in 2012 range from 47% (Handelsbanken) to 59% (SE-banken). The LTV-ratio on a loan included in a cover pool may not exceed 75%. This explains why the cover pool LTV-ratios are lower than the LTV-ratio published by Finansinspektionen. and the actual debt series.
It turns out that in order to better capture the dynamics of debt in the data we need a fairly short re…nancing period, T . The best …t is obtained with T = 15, i.e. 3:75 years. Remember that Svensson use T = 28 (i.e. 7 years) as a reasonable assumption for the re…nancing period. In Figure 3 it is seen that the model-implied debt series match the debt trend and the low frequency component of debt growth quite accurately. However, the model still cannot account for the highfrequency movements in the debt growth rate. In table 1 results from further optimisations are presented, where the sample period and the criterion variable are altered. These results show more generally that the best …t of debt, or debt growth, is obtained with a fairly 'small' value of T (relative to Svensson's calibration).
T able 1 Results from optimisations of (3.2). In table 2 some time series properties of debt and the model-implied debt series produced in the experiments above are collected. We note that Svensson's calibration yields a much more persistent, and less volatile, debt growth series in comparison with the data. In the case of the 'optimal'calibration, the volatility of debt growth is roughly in line with the data, while the …rst-order autocorrelation is still too large. In order to further understand how the properties of debt depend on T we also include the case of an 'extreme'calibration, where the stock of debt is assumed to be turned over once a year, T = 4. The numbers obtained imply that it is not possible to match the persistence properties of debt growth in the data simply by varying T .
T able 2 Properties of model-generated debt growth series, 1995Q1-2013Q2. In the experiments so far the LTV-ratio for new mortgages has been kept constant, i.e. t = .
In order to better capture the dynamics of debt, within this framework, one possibility is to allow for time variation in the LTV-ratio. Here we evaluate the …t of the model by …rst solving for the sequence of LTV-ratios on new mortgages, and then comparing it with a measure of LTV on new loans in the data. We feed both the house price series and the debt series through equation (2.8) and compute the implied sequence of LTV-ratios for new mortgages, f t g T t=0 .
(Note that the average LTV of all loans will be 'perfectly matched'in this case since it is simply the ratio between house prices and debt, by assumption). This sequence will depend both on the house price and debt data, and the calibration of T and A 0 . The model series may be compared, at least casually, with yearly data on the LTV-ratio on new mortgage loans (Finansinspektionen, [4] and [5] ). The model-implied LTV series with Svensson's calibration (T = 28, A 0 = 62%) is displayed in Figure   4 . The implied LTV series does not seem to be consistent with the data, e.g. the volatility of the LTV-ratio appears too large in comparison with the data. This is just another, complementary, way of illustrating the missing debt dynamics in Svensson's calibration.
The LTV series with the 'optimal' calibration (T = 15, A 0 = 58%) is displayed in Figure 5 .
Again, fairly large ‡uctuations in f t g The experiments above show that Svensson's model, with actual housing prices as the exogenous driver, is able to reproduce the time series properties of debt reasonably accurately. We conclude this section with two remarks. First, mortgage debt is not merely created when housing is bought or sold, i.e. a reasonable value of the re…nancing period, T , is substantially lower than a reasonable value for the housing holding period, T h . Svensson's recalibration (and therefore reinterpretation) of the model, from T = T h = 60 to T = 28 < T h , addresses this issue. However, we show that in order to reproduce the actual debt time series one needs to assume a re…nancing period of debt, T , which is even lower than 7 years. Second, given that the model is calibrated with T T h (which means that there exist mortgage loans which are not directly related to housing transactions) it is not obvious that housing-related mortgages, m h , and residual mortgages, m r , should be modelled in the same way, see 2.4 and 2.6. Further, in order to capture the high frequency movements in the debt growth rate, one possibility within the current modeling framework is to allow for time variation in the LTV-ratio on new mortgages.
Debt dynamics and monetary policy
In this section we attempt to better understand the qualitative (i.e. sign) response of real debt and the debt-to-GDP ratio to a monetary policy shock. First we brie ‡y review Svensson's calculation of these e¤ects. Then we take Svensson's debt model to the standard framework for the identi…cation of the e¤ects of monetary policy shocks. The question we posit is the following: applying the standard tools, which assumptions are needed in order to reproduce the results of Svensson (i.e.
that real debt and the debt-to-GDP ratio increase following a positive monetary policy shock)?
The e¤ects of monetary policy on real debt and the debt-to-GDP ratio in Svensson (2013a)
Svensson computes the e¤ects of monetary policy on real debt and the debt-to-GDP ratio through three separate calculations. First, the e¤ect on housing prices of an exogenous change in the repo rate is computed based on the user cost approach (Svensson [10] ). Our estimate of this e¤ect is quite similar to Svensson's and therefore it is not considered further here. Second, the e¤ect of a change in housing prices on nominal debt is computed using the debt model outlined above, On an abstract level one may think of Svensson's computations through a model (i.e. a joint probability density function for a sequence of variables),P , containing house prices, P , nominal debt, D, the repo rate, i, and a vector of macroeconomic variables, X, which include e.g. CPIF in ‡ation and GDP. The densityP may be factorised into conditional densities, where each conditional density, or 'submodel', match a particular calculation by Svensson, i.e. the debt model is captured byP 1 , the user cost approach to housing prices is captured byP 2 , and the model of the standard macroeconomic variables, in this case Ramses, is captured byP 3 .
The submodel for debt is, further, assumed to be of the form Recursive (Cholesky) contemporaneous restrictions are used to identify the e¤ects of a monetary policy shock. Our assumptions imply that house prices and debt are restricted from responding immediately to a monetary policy shock, whereas monetary policy can react immediately to all the variables. 7 An alternative identi…cation scheme, which allows for contemporaneous two-way interaction between the repo rate and house prices, is provided by Björnland and Jacobsen [2] 8 .
Note that foreign and Swedish GDP, and real house prices and debt, enter the model in levels. This implies that a monetary policy shock cannot a¤ect the levels of these variables in the long-run. See the appendix for a more formal description of the model.
In Figure 6 and 7 the estimated e¤ects of a monetary policy shock on the variables in the model are displayed (black, solid, lines). In Figure 6 the e¤ects of a one standard deviation monetary policy shock are provided, while in Figure 7 we attempt to simplify a comparison with Svensson by displaying the e¤ects of increasing the interest rate by one percentage point during year 1 (i.e. quarter 1 to 4), and then return back to the baseline in year 2. A positive monetary policy shock leads to a (temporary) decrease in GDP, and a decrease in in ‡ation. These responses have the expected sign. Further, both real house prices and real household debt fall in response to the positive policy shock, and the magnitude of the responses for these two variables are quite similar. 9 Hence, the BVAR model roughly supports conventional wisdom, although the GDP and CPIF in ‡ation responses are somewhat smaller than the responses which Svensson use. 10 In order to understand the implications of the assumptions underlying the debt de ‡ation e¤ect of monetary policy we proceed by replacing the actual debt time series in the BVAR with two counterfactual debt series, namely the series generated previously using the debt model presented above. In particular, we use the two model-implied debt series displayed in Figure 2 (where the mortgage holding period equals T = 28) and Figure 3 (T = 15), respectively. All other aspects of the model and the data are kept as above. The e¤ects of a monetary policy shock are presented in Figure 6 and 7. The responses for GDP, in ‡ation and real house prices are very similar to those above. However, in the case of the very persistent debt series generated with Svensson's calibration (T = 28), the e¤ect of a monetary policy shock on real debt is now reversed. A positive monetary policy shock, which increases the repo rate, now increases real debt (temporarily). The reason is that a tighter policy induces a very slow fall of total nominal (mortgage) debt, but a faster fall in the nominal price level and nominal GDP. However, using a debt series which …ts the dynamics in the data better, i.e. the series based on the 'optimal'calibration of the model (T = 15), the results are less clear cut. In this case real debt falls following a positive monetary policy shock, while the e¤ects are smaller than in the case with actual data on debt.
The counterfactual debt series are generated using the debt model, where the conditional independence assumption in (4.2) is implicitly embedded, as discussed above. One interpretation of 9 In the BVAR model the debt measure used is total household …nancial debt. As a sensitivity check we have also used a measure of mortgage debt in the BVAR model. The results concerning the e¤ects of monetary policy on debt are found to be largely the same in these two cases.
1 0 Svensson use the responses from the Riksbank's macroeconomic model, Ramses, for CPIF in ‡ation and GDP. House prices and debt are not modelled in Ramses. Instead of mixing responses for di¤erent variables from di¤erent sources, here we estimate the e¤ects for all the relevant variables within a single model. the counterfactual debt series is that this series captures the component of debt which is attributed to movements in housing prices. Instead of making inference in the BVAR model based on the counterfactual series, an alternative is to impose the conditional independence assumption, (4.2), through restrictions on the parameters of the BVAR model, and estimate it using actual data. 11 In both cases the e¤ect of changes in the repo rate on debt, which do not feed through via their e¤ects on housing prices, are assumed away. In Figure 8 the estimated responses for the restricted BVAR model are presented, and the responses for the BVAR with counterfactual debt (T = 15) are included for comparison. Interestingly, the responses are strikingly similar in these two cases:
real debt and the debt-to-GDP ratio remain una¤ected by the higher policy rate for roughly 1 2 years, before they start to fall.
In summary, if the true data-generating process for debt had been the one envisaged by Svensson, it appears that the BVAR model would have correctly identi…ed the e¤ects of monetary policy, at least in the sense that the qualitative e¤ects estimated with the BVAR model are similar to the ones computed by Svensson. However, the BVAR model estimated on actual data produce responses of real debt and the debt-to-GDP ratio which run counter to the responses suggested by
Svensson. This, again, signals that the debt model fails to capture all aspects of debt ‡uctuations which monetary policy may a¤ect.
Conclusions
In this note we have o¤ered some comments and extensions to Lars Svenssons's analysis, where he argues that "Leaning against the wind"leads to higher real household debt and a higher household debt-to-GDP ratio. Svensson's analysis rests on two key assumptions. First, the e¤ects of monetary policy on mortgage debt works only through its e¤ects on housing prices. Second, a relatively small fraction of the debt stock is turned over each year. These assumptions imply that nominal debt is a sticky variable which falls slowly in response to a monetary policy shock which increases the repo rate. The price level and, in particular, nominal GDP fall faster and, hence, real debt and the debt-to-GDP ratio increase (rather than decrease).
The experiments in this paper illustrate the importance of the dynamic properties of debt for the results in Svensson [9] . We take Svensson's debt model to the data and show that the model provides an incomplete account of short term debt dynamics. In particular, we apply Svensson's calculation of the e¤ect of changes in housing prices on debt in order to obtain a debt growth series. The resulting series is too persistent when compared to actual debt data. It is therefore questionable to use the debt model for the purpose of computing responses of debt to a temporary policy rate shock. The exact responses of real debt and the debt-to-GDP ratio further depend crucially on the responses of prices and GDP. Here we have chosen to use a BVAR model in order to compute the e¤ects for all the relevant variables within a coherent framework. Whether our results justify a "Leaning against the wind" policy or not remains an open question. Our point here is simply that it is important to to understand the short term dynamics of debt, in order to obtain responses of debt which are consistent with the debt data.
Several interesting topics for future research emerge. First, a serious quanti…cation of the e¤ect of 'structural' factors (e.g. the transformation of rental into tentant-owned apartments) for the increase in debt levels seen in the past 15 20 years appears to be needed. Interestingly, in the debt model a single variable, housing prices, can account for the overall trend increase in debt in the past 15 20 years, while other studies attribute a substantial share of the increase to 'structural' factors, see e.g. [6] . Second, it appears necessary to better understand the impact of interest rate changes on equity withdrawals and leverage, i.e. the choice of LTV-ratio, of households. Third, the analysis of the e¤ects of monetary policy on debt within the VAR framework could be extended and alternative hypotheses about the interaction between monetary policy and debt could be tested in a more formal way. For example, novel Bayesian variable selection and/or model averaging techniques could be applied to study these issues in more depth, see e.g. the methods of Korobilis [7] .
A. Data
In order to simplify identi…cation of the data series used, or referred to, in the paper we provide the SDMX (Statistical Data and Metadata Exchange) code which exactly identi…es the data series.
SDMX is a standard for the representation of statistical data and metadata, adopted by seven major institutions (including ECB, BIS, IMF) as well as Sveriges Riksbank.
A.1. House prices and debt
The data series for housing prices is the price of owner-occupied one-and two-dwelling buildings in 
Loans to Swedish households (L).
Mortgage debt: housing loans to Swedish households (M ).
Loans to Swedish households consists of consumer credit (C), mortgage loans (M ) and 'other' loans (O), i.e.
The source of these data series is the SCB Financial Market Statistics (September 2013), [13] . In Figure A1 the debt measures F , L and M , expressed in million SEK, are plotted. In Figure   A2 the series are displayed in quarterly growth rates. In the latter …gure the 'outliers' discussed above are immediately visisble.
In the paper we choose to focus on the measure F , and the outlier in 2001Q1 is handled when constructing the debt growth series used for the analysis. Judging from Figure A2 the time series properties of the three series are not radically di¤erent, e.g. mortgage debt growth is not smoother than the other two measures.
A.2. LTV-ratios on new loans, average LTV-ratios and a measure of the turnover rate of debt
The data series on the loan-to-value ratio for new loans, data , is obtained from the data appendices accompanying 'The Swedish Mortgage Market', Finansinspektionen [4] and [5] . It is the volumeweighted loan-to-value ratio. Data on new mortgage loans, m data , is obtained from the same sources. It is the volume of 'strict new loans'. The de…nition of new loans is that these 'are loans taken by strict new borrowers and existing borrowers that have increased the loan-to-value ratio on the existing collateral by more than 50 percent', see Finansinspektionen, [5] . To compute our measure of the turnover rate of debt, data , we use the stock of mortgage debt, which is obtained from the SCB Financial Market Statistics (Section 4.8. MFIs'lending for housing loans to Swedish households broken down by maturity, SEK millions.). The data series are provided in Table 3 .
T able 3 LTV-ratio on new loans, strict new loans , mortgage debt and the debt turnover rate 
A.3. Other data series
The following variables, and corresponding data series, are used in the BVAR model:
The log of foreign GDP. Foreign GDP is a trade-weighted average of GDP, where KIX-weights are used. 
B. The turnover rate of nominal debt
The turnover rate of debt is de…ned as , 1 2 In the case where nominal house prices Pt grow with a constant nominal growth rate, g, they satisfy Pt = P0 (1 + g) t .
where the expression for the sum of a geometric series is used. From Svensson we have
g , and hence the average LTV ratio, A, the LTV ratio on new loans, , the turnover rate of the housing stock, 1=T , and the turnover rate of nominal debt, d , are related through
C. The BVAR model
The BVAR model used in this paper is of the form (L) x t = A" t ; where x t = (y f t ; f t ; i f t ; y t ; t ; d t ; p t ; i t ) 0 is an n dimensional vector (n = 8) of time series, (L) = I n 1 L ::: k L k , and L is the back-shift operator (k = 4). The structural disturbances " t N n (0; I n ), t = 1; :::; T , are assumed to be independent across time. We impose restrictions on (L) such that the foreign economy is exogenous. A is the lower-triangular (Cholesky) contemporaneousimpact matrix, such that the covariance matrix of the reduced-form disturbances decomposes as = AA. The prior proposed by Litterman [8] will be used on the dynamic coe¢ cients in , with the default values on the hyperparameters in the priors suggested by Doan [3] : overall tightness is set to 0:2, cross-equation tightness to 0:5, and a harmonic lag decay with a hyperparameter equal to 1. 
